Symbioses between plants and microbial organisms can fundamentally alter the structure of 17 ecosystems, from their species diversity to rates of nutrient cycling. Yet, many aspects of how 18 differences in the prevalence of microbial symbioses arise are unclear. This is a key knowledge 19 gap, as if co-variation in plant and microbial distributions are primarily determined by extrinsic 20 abiotic factors then symbioses should exert little independent control over ecosystems. To examine 21 the potential for alternative symbiotic communities to arise under similar conditions we examined 22 biogeochemical cycling and microbial community structure in a coastal landscape where historical 23 patterns of vegetation transition are known, allowing us to eliminate abiotic determinism. We 24 found that alternative states in microbial community structure and ecosystem processes emerged 25 under different plant species. Greenhouse studies further demonstrated that plant selection of 26 symbiotic microbes is central to emergence of these alternative states and occurs independent of 27 soil abiotic conditions. Moreover, we provide evidence that transition between states may be 28 highly dependent on the presence of a small set of ruderal symbionts that are rare in mature systems 29 but may act as keystone mutualists. Because differences between these alternative states can be 30 directly linked to plant-microbe symbioses, independent of initial conditions, our results 31 suggesting that biotic feedbacks between keystone symbiotic microbes and plants play a 32 foundational role in the diversity and function of soils. 33 34
Early ecologists viewed community assembly as an organized process where species facilitate each 40 other in progression towards a stable, climax state (Clements 1936). This "organismic" view of 41 communities contrasts starkly with the individualistic theory of ecology (Gleason 1926) , where Field Sampling: In each plot we established a sampling grid consisting of three 6m 154 transects. Transects were located a minimum of 5 meters away from each other, although 155 orientation varied somewhat depending on the shape of each patch. Three soil cores (18cm by 156 Ø6cm) were collected at 3m intervals along each transect. Each core was placed in a plastic bag 157 and stored on ice in a cooler until returned to the lab. In the lab, aliquots of soil were frozen at -158 80° C for microbial community characterization (see Molecular Methods) and the rest used for 159 measuring soil properties. In addition to the nine soil cores, we collected three litter samples (one 160 from each transect) as well as fresh leaves. Litter and leaf tissue were kept at 4° C until further 161 analyses. In addition to soil samples, four resin bags were buried for three months at a depth of 162 approximately 5 cm at each end of the first and the third transect. Two litter bags were also staked 163 on the forest floor and left for three months in each site to measure decomposition rates. One of 164 the two litter bags contained a pure cellulose filter disc (Whatman No. 2) and the other contained 165 4 grams of dried leaves from the dominant plant species at each plot. Soil, leaf and litter samples 166 were weighed and then dried for 48 hours at 65° C to estimate moisture content. Dried soil and 167 litter samples were ground and total carbon and nitrogen content were measured using on a Carlo- 168 Erba NA 1500 Elemental Analyzers. Nitrate (NO3) and Ammonium (NH4) from buried resin bags 169 were extracted using 2M KCL and measured using a WestCo SmartChem 20 discrete analyzer. 170 Phosphate-P (PO4) was measured on the discrete analyzer after 0.5M HCl extraction from a resin 171 bag incubated with water and 5 g fresh soil for 24 hours (the suspension was shaken at an 172 oscillation rate of 100rpm). All measured chemical variables were averaged to provide a single 173 value for each plot. Establishment of field plots was carried out between November and December 174 of 2014 and litter and resin bags collected in February and March of 2015. 175 Soil Bioassay Experiment: In order to decouple the influence of abiotic environment and host species identity on soil microbial community structure, we conducted a greenhouse bioassay 177 using seedlings and field-collected soils from our three dominant plant species (B. pilularis, C. 178 thyrsiflorus, P. muricata). Seedlings of P. muricata and B. pilularis were germinated from seeds 179 collected at PRNS. P. muricata seeds were germinated using the following steps: seeds were 180 placed in a glass beaker with a 15% v:v dilution of a standard 30% H2O2 and a drop of Tween. 181 The mixture was placed on an autostirrer for 15-20 minutes. Then the seeds were rinsed with DDI 182 water in a metal strainer, placed in a glass beaker on an autostirrer and allowed to soak overnight 183 (24-48 hours). Finally, the seeds were put between two wet filter paper discs in Petri dishes in a 184 growth chamber (16hr light, held at 21-23°C; day and night). B. pilularis seeds were sown directly 185 into wet growing medium consisting of a mix of autoclaved v/v 1/3 vermiculite; 1/3 perlite; 1/3 186 peat moss. When P. muricata and B. pilularis seedlings first leaves appeared, they were transferred 187 to pots (Ø 4cm by14cm) filled with an equal mix of live field soil and sterile sand (v/v). Due to a 188 lack of available seeds within the timeframe of the experiment, C. thirsyflorus plants were grown 189 from field cuttings collected at PRNS. Cut ends of the Ceanothus cuttings were moistened and 190 then dipped in Garden Safe TakeRoot Rooting Hormone and put in autoclaved growing medium 191 (v/v 1/3 vermiculite; 1/3 perlite; 1/3 peat moss). After 3 weeks they were transferred into pots 192 filled with half soil, half sterile sand, as with P. muricata and B. pilularis. 193 To see whether microbial communities responded more to the abiotic soil environment or 194 the identity of the dominant plant species, seedlings from each species were grown in factorial to test which environmental variables were most strongly correlated with microbial community 283 structure we used generalized dissimilarity modeling (GDM), which uses iSplines to model non- (Table S1 , Fig 1) , with vegetation type explaining on average 31% of variation 325 (range = 5 -69%). By contrast, difference in the underlying geological substrate, or interaction 326 between vegetation and geology, were significant in only four cases (Table S1 , Fig S2, S3) , 327 explaining an average of only 6% of variation (range = 0 -32%). Table S2 ) that were 361 correlated with changes in vegetation. Bacterial community change was best predicted by pH and 362 litter mass, environmental factors that showed more complex, interactive variation related to both 363 vegetation type and geology (GDM R 2 = 0.21; Fig. 2d; Fig S3 ; Table S3 ). GDM partial plots show . This effect is more evident for fungi, whereas bacteria were not as strongly 416 differentiated in field soils (Fig 2) despite strong effects in seedling roots (Fig 3, Table 5 ). Because overlap in community composition between field soils and seedling bioassays (Fig 4, 5, S6-9) , 442 both in terms of abundance and their identification as differentially abundant taxa: only two 443 significantly enriched taxa were shared between P. muricata field soils and P. muricata seedlings, 444 no shared taxa discriminated B. pilularis field soils and B. pilularis seedlings. For example, 445 Rhizopogon, a member of the Suillineae that was common on P. muricata seedlings invading 446 coastal scrub immediately after the fires at PRNS (Horton et al. 1998), was rare in our field soils 447 but highly common in greenhouse bioassays. The only exception to this pattern was bacterial C. 448 thyrsiflorus associated communities, which showed high overlap with C. thyrsiflorus seedlings in 449 the greenhouse (Fig S9) . Thus, these symbiotrophic taxa are generally low in abundance but play 450 a significant role in distinguishing soil microbial communities. 451 Given the preponderance of rare taxa in microbial communities, understanding their ecology and impact is a major knowledge gap (Banerjee et al. 2018). Analysis of community 453 change indicates that many taxa are conditionally rare, and that their dynamics contribute 454 disproportionately to community diversity (Shade et al. 2014 ). Yet for many of these taxa 455 insufficient evidence exists to explain their ecology or importance. We synthesized some of our 456 >10 years of work on ectomycorrhizal fungal communities at PRNS to illustrate the ecology and 457 impact of these conditionally rare taxa. First, many of these conditionally rare microbes are likely 458 ruderal, with strong dispersal and weak competitive abilities. Focusing on a single ectomycorrhizal 459 group for which we have extensive data and were common on P. muricata bioassay seedlings, the 460 Suillineae, sequence data shows that while they are common on seedlings in disturbed settings 461 (Fig 6a) , they are generally rare both in mature pine forests at PRNS and across North America. 462 Second, they are dispersal specialists and, during pine invasion of B. pilularis coastal scrub, 463 increasingly dominate pine seedling root communities with increasing distance from established 464 pines (Fig 6b) . 
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Figure Legends

